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1 INTRODUCTION 
In Turkey a huge number of hydropower projects are under construction. Frequently, these hydropower 
projects are for dams of considerable heights of more than 50 m (Haselsteiner et al., 2009a, b). Due to the 
threat of energy scarcity and thanks to the privatization of the energy sector at the beginning of this mil-
lennium, Turkish hydropower projects face a remarkable pressure in regard to project costs and realiza-
tion periods exerted by the private sector. While previously, the projects were mainly financed and coor-
dinated by governmental organizations the private investors and owners go for profit. One of the 
dominant newcomer private energy companies in Turkey is EnerjiSA, a joint venture of the Sabanci 
Group (Turkey) and Verbund (Austria). The goal is to reach an installed capacity of P = 5,000 MW by 
2015 with a portfolio which increases by half the existing capacity of hydropower projects. Sabanci as 
newcomer to the energy sector grows tremendously, while relying on the support of Verbund with its 
long experience and considerable knowledge in construction and operation of hydropower plants in Aus-
tria. Both partners split the shares and the investment equally.  
One main development area of EnerjiSA and also Turkey is South-East Anatolia where mountainous 
regions give rise to some of the large rivers of Turkey such as the Euphrates, Tigris, Seyhan and Ceyhan. 
On the latter rivers some well-known dam Turkish projects have already been constructed. Among them 
are the Aslantas, Sir, Berke and Menzelet dams (Figure 1). Berke Dam was the highest double arch cur-
vature dam in Turkey with a height of 201 m before Ermenek Dam with a height of 210 m edged it out by 
only a few metres. Deriner Dam is now already underway and shall be the highest dam in Turkey when 
measured from foundation to crest, reaching H = 247 m (Wieland et al., 2007). 
With these dam heights one should not forget that 100 m high dams reflect a considerable challenge 
and risk, particularly when geology does not act as anticipated and foundation as well as dam fill material 
create challenging engineering tasks. One of those projects is EnerjiSA’s Sarigüzel Dam and HEPP which 
is located on the Ceyhan River approximately 1.5 h drive away from Kahramanmaras not far from Adana 
in South-East Anatolia. Sarigüzel is EnerjiSA’s second project on the Ceyhan River, upstream of Hacin-
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ABSTRACT: The design of the dam case study presented was changed during different design and plan-
ning stages, switching from an ordinary CFRD type to a quite sophisticated CFSGD with deep founda-
tions. Whilst obtaining more detailed information on the geological conditions and the available fill mate-
rials the engineers responsible decided to use the alluvial deposits close to the dam area for the fill. 
Originally, the dam was to have shallow foundations on the alluvial deposits present before clay layers 
with considerable thicknesses were encountered within the dam foundation. Therefore, the complete 
foundation concept had to be changed to a deep foundation in a highly permeable alluvium. Additionally, 
the left bank suffered from landslides during initial excavation works for the energy tunnel inlet so that 
the stability and design adjacent to the left bank has to be re-evaluated and re-designed. After agreeing on 
the detailed design principles and a general dam design material, investigations are ongoing and the opti-
mization of the dam design is expected to be completed before starting dam fill works in mid of 2011. 
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In Table 1 the main data of the Sarigüzel project are summarized. Whereas some of the figures are taken 
from existing studies, some are still under discussion, particularly for the dam. These figures may be 
changed before detailed design is completed or even during the construction for optimization. 
 
Table 1. Main basic data of the Sarigüzel project (see also Kaya et al., 2010; Haselsteiner & Ersoy, 2011a) ________________________________________________________ 
Item    Figure/data ________________________________________________________   
Installed Capacity Main Plant P [MW]  101 
Annual Generation Main Plant A [GWh/a] 257 
Design Discharge Main Plant QD [m³/s]  111 
Type of Units Main Plant   2 x Francis 
Headrace Tunnel Main Plant L [km] / D [m] 5.5 – 6.0 / 6 
Installed Capacity Env. Plant PEnv [MW]  3 
Annual Generation Env. Plant AEnv [GWh/a] 25 
Environmental Flow QEnv [m³/s]  5.4 
 
Catchment Area E0 [km²]   6,500 
Mean Annual Discharge Qm [m³/s]  49 
Maximum Probable Flood QPMF [m³/s]  4,863 
Diversion Design Flood QDiv [m³/s] / T [a] 546 / 25 
Reservoir Volume VR,tot [Mio. m³]  ≈ 50 
Active Reservoir Volume VR,act [Mio. m³] ≈ 25-30 
Normal Operation Reservoir Level [masl] 860 
Minimum Reservoir Level [masl]  840 
 
Dam type    CFSGD (former: CFRD) 
Dam height HD [m]*    ≈ 80 
Crest length LC [m]    ≈ 540 
Dam Fill Volume VD [Mio. m³]  ≈ 3.1 
Crest elevation [masl]   865 
Upstream slope [1:V]   1.4 to 1.7 
Downstream slope [1:V]   1.4 to 1.7 ________________________________________________________ 
* Referring to thalweg elevation 
2.2 Geological and geotechnical conditions 
Special attention had to be paid to the occurrence of meta-flysch at the dam axis and along the headrace 
tunnel. The bedrock of both abutments consists of these metamorphic sedimentary rocks which show, 
particularly locally, poor rock properties and strengths. Additionally, the colluvium at the left bank suf-
fered from a landslide caused by initial excavation works. Therefore, the left bank stability is being re-
investigated and additional stability works will be executed. Fortunately, at the bottom of the left bank the 
quality of the meta-flysch is in better condition with regard to weathering, discontinuities and strength so 
that the occurrence of a global failure is unlikely to occur. Investigations are still ongoing for this subject. 
Generally, two types of meta-flysch have been distinguished. Poor meta-flysch was characterized by 
an uniaxial compression strength of UCS = 10-15 MPa or smaller, whereas the stronger meta-flysch 
showed values of UCS > 15 MPa. Several specimens reached UCS > 30-50 MPa. Generally, the weaker 
meta-flysch is overlaying the stronger units at the left bank. Corresponding to the genesis of this for-
mation some parts were classified as schist. The RMR values comprised a range of RMR = 30-40 on av-
erage (rough estimation) leading to values of GSI = 25-35. The stability of the left bank is still under in-
vestigation. 
Before the construction works started, a drilling programme was undertaken that showed partly very 
poor TCR and RQD values. This led to a general underestimation of the geotechnical parameters of the 
rocks present. A second extensive drilling programme resulted in TCR values throughout of more than 
90%, also comprising very weak, completely decomposed shear zones. This second drilling programme 
particularly contributed to a better understanding of the geology present. During the extensive drilling 
programmes the very weak shear zones were of major concern. Generally, these shear zones lead to de-
creasing shear strength between the potential shear surfaces which should not be affected by more than 
10-20 % by the weak shear zones. The present metamorphic sedimentary rock types sand-, silt- and clay-
stones are dominant. 
The global orientation of the discontinuities, if valid for this kind of metamorphic rock formation, is 
considered to be favorable in terms of the global slope stability. Still, investigations and discussions are 
ongoing to determine the actual rock stress-strength and stress-shear behavior. 
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The local stability of the colluviums consisting of sandy-clay material with interbedded limestone 
blocks is dominated by an interface layer between the colluvium and the meta-flysch which showed very 
weak shear strength. After the landslide occurred at the left bank at the beginning of 2010, slickenside 
shear surfaces could be observed. Laboratory tests confirmed that the residual shear parameters corre-
spond to typical slickenside surfaces showing ϕR = 12-15° and cR = 0 kN/m². The colluvium itself shows 
peak strength parameters of approx. ϕ’ = 25-30° and c’ = 15-20 kN/m². 
2.3 Foundation conditions 
The Ceyhan River shows considerable alluvial deposits of more than 30-50 m thickness within the riv-
erbed. Interbedded clay layers of several metres depth indicate large settlement if loaded. This was also 
the reason for the adjustment of the foundation design, since large settlements could not be excluded. The 
decision to change to deep excavation was taken reaching down to a depth of approximately 30 m corre-
sponding to the depth that the clay layers were encountered. 
Generally the alluvium shows permeable characteristics with k > 10-4 m/s. Highly permeable coarse grav-
el layers are considered to be able to allow large seepage flow during the excavation of the foundation. 
This was the reason for applying cut-off walls up- and downstream of the excavated foundation area. 
Conversely, the abutments consisting of poor to medium classified meta-flysch show only very low per-
meability characteristics. The Lugeon values obtained do not exceed the value of approximately four 
Lugeon at an investigation depth down to 60 m below ground surface. The strength parameters are al-
ready described within the previous section. 
2.4 Available dam fill materials 
The availability of dam fill materials influenced the dam design considerably. Counter to initial expecta-
tions, when a rockfill dam design was favored, strong and decent rockfill material with an adequate vol-
ume was not encountered within a reasonable distance. Alternatively, the present alluvium was taken into 
consideration as dam fill material. In Figure 2 the site map is given of the Sarigüzel dam area. The alluvi-
al deposits are close to the dam area mainly downstream of the dam. Still the volume of available materi-
als is under investigation. Most of the areas are downstream of the dam axis. For materials in areas B, C 
and D field trial compaction tests were carried out. 
During the first stages when no site testing had 
been performed and the borrow areas were not finally 
defined several sieve curves were prepared from some 
of the proposed borrow areas. In Figure 3 the sieve 
curve envelope for the main dam fill zone 3B is 
shown. Compared to benchmark curves the area 3B 
comprises sandy-gravels to gravelly cobbles/stones 
showing a maximum of over 50% of grains with block 
size. Benchmark data for sand-gravel fills are de-
scribed in Cruz et al. (2009), Fell et al. (2005), 
Kutzner (1996) and Noguera et al. (1999). Generally, 
the dam fill material is considered to be very suitable 
as fill material if the technical specifications are de-
fined appropriately. 
The next step was to investigate all the borrow are-
as and test them in detail. The range of the sieve 
curves obtained is given in Figure 4 which more or 
less corresponds to the results of the first program. To 
be accurate, the material has to be classified as sandy 
gravel with low percentage of fines (< 10 %). Further 
processing cannot be excluded since some areas show 
very coarse material which may not give the predicted 
deformation requirements. The extraction and mixing 
process shall guarantee that no local alluviums with 
unfavorable gradations will be used. 
Laboratory and field trial compaction tests were carried out in order to determine the alluvium’s pa-
rameters for construction conditions. Initial results are very promising, indicating a dry density of the 
compacted material of γd = 2.50 t/m³. For the time being, the layer height for zone 3B is most probably 
60 cm applying four to eight passes, most probably six. Recent tests already indicate a deformation 
 
Figure 2. Sand-gravel fill (and clay) borrow areas A-E 
within the Sarigüzel project area 
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Currently, large scale triaxial tests have been agreed on and material was sent to Karlsruhe (Germany) 
which has a triaxial cell with a diameter of 80 cm (Bettzieche & Bieberstein, 2009). After receiving the 
test results the dam design will be revised again after consideration of stability and deformation aspects. 
Optimization is envisaged but is not guaranteed in advance, since sand-gravel fill materials show less fa-
vorable shear strength at low overburden pressures compared to rockfill materials. 
Area G is not shown in Figure 2. Area F is not included in Figure 4 since its use for dam fill material is 
not decided. 
3 DAM DESIGN DEVELOPMENT 
3.1 Clay Core Rockfill Dam 
During the different project phases, the dam type and design was changed several times and is still under-
going optimization. During the master plan the typical DSI (Turkish: Devlet Su Isleri; English: State Hy-
draulic Works) design for dams on moderate strong foundation was taken into consideration, which is a 
clay core rockfill dam (CCRF). These kind of dams are widespread in Turkey and are quite conservative-
ly designed with slopes of V:H = 1:2.2-3.0. Since Turkey is a region prone to earthquakes this may be 
justified for single locations close to the Northern and Eastern Anatolia fault zone. With a conservative 
design the dam volumes show high values which is directly affecting costs and construction periods. For 
example, Akköprü Dam on the river Dalaman was finished recently after 15 years construction showing a 
volume of 13 Mio. m³ with a dam height of over 100 m and conservative flat slopes. This is not managea-
ble for private companies which are dependent on profit. The second difficulty for a typical clay core 
rockfill dam is the availability of sufficient clay material. Since Sarigüzel is located in a mountainous re-
gion the clay borrow areas are limited. 
3.2 Concrete Face(d) Rockfill Dam 
Frequently, after private companies takeover a project from a governmental authority the feasibility stud-
ies are prepared, or if already available, are revised. The dam type is frequently changed to more efficient 
and economic dam type compared to CCRF, such as Concrete Faced Rockfill Dams (CFRD) and Roller 
Compacted Concrete Dams (RCC). Less frequently arch dams or other dam types are discussed or agreed 
on. 
Sarigüzel Dam was also considered to be a CFRD dam assuming that enough rockfill material will be 
available within an economic distance of the dam axis. In this project phase, the possibility of using the 
large amount of alluvial deposits for the dam fill had still not been discussed. The CFRD should be partly 
founded on alluvial deposits. The plinth should be founded on bedrock after excavation of a limited depth 
of alluvium in the river bed. 
3.3 Concrete Face(d) Sand-Gravel Fill Dam 
Within a revision of the feasibility study the dam type was changed to a Concrete Face Sand-Gravel Fill 
Dam (CFSGD) due to the presence of a large volume of alluvium. The slopes were designed with 
H:V = 1.0:1.6-1.7 which is appropriate with regard to literature regarding stability and seepage control 
(Cruz et al., 2009). The dam volume increased compared to the former CFRD type. Seepage control was 
considered to be guaranteed by a L-shaped central drain layer (see Figure 5). 
3.4 Concrete Face(d) Sand-Gravel Fill Dam with Deep Excavation 
During the investigation in the course of the final design clay layers were detected within the river bed. 
The clay layers reach a thickness of several meters and are located deepest at 30 m depth below the river 
bed according to the available drilling data. This led to the decision for a deep excavation and backfilling 
with sand-gravel fill material as shown in Figure 6. In consideration of the expected seepage flow, up-
stream and downstream cut-off walls are to be used. Upstream, another cut-off wall shall connect the sur-
face slab sealing to the underground sealing at the plinth. 
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Figure 7. Guideline design for the CFSGD with basement drain, special zoning and deep foundation (adjusted after ANCOLD, 
1991; ICOLD, 2005) 
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